A B S T R A C T We studied the synthesis of excreted DNA sequences and their release from phytohemagglutinin-stimulated human peripheral blood lymphocytes under conditions permitting optimal cell growth. Cells were labeled by constant exposure to low specific activity [3H]thymidine. Excreted DNA sequences were synthesized during the period of logarithmic cell growth and moved slowly from the high molecular weight chromosomal DNA fraction into the low molecular weight cell DNA fraction (Hirt supernate) from which they could be specifically released by treating the cells briefly with small amounts of various proteases; 1 ug/ml trypsin for 5 min was optimal. On high molecular weight fraction of day-3 cell DNA contained three times more copies of the trypsin-released DNA major component as compared to resting lymphocyte DNA. Hirt supernatant DNA isolated from day-5 stimulated lymphocytes reassociated in an intermediate component representing 34% of the DNA with a Cotl/2 of 26 mol s/liter; after cells were treated with trypsin, this component could no longer be identified in the Hirt supernatant fraction, presumably because it had been released into the incubation medium.
A B S T R A C T We studied the synthesis of excreted DNA sequences and their release from phytohemagglutinin-stimulated human peripheral blood lymphocytes under conditions permitting optimal cell growth. Cells were labeled by constant exposure to low specific activity [3H] thymidine. Excreted DNA sequences were synthesized during the period of logarithmic cell growth and moved slowly from the high molecular weight chromosomal DNA fraction into the low molecular weight cell DNA fraction (Hirt supernate ) from which they could be specifically released by treating the cells briefly with small amounts of various proteases; 1 ug/ml trypsin for 5 min was optimal. On day 5 of culture, 13 .3+6.9% of the total cellular acid-precipitable [3H]thymidine was released by this treatment. Trypsin-induced release was partially and reversibly inhibited by incubating the cells for 16 mol * s/liter (the value at which DNA association is 50% complete). The reassociation of this DNA was studied in the presence of an excess of DNA isolated from stimulated lymphocytes on day 3 in culture, and in the presence of an excess of resting lymphocyte DNA. The
INTRODUCTION
Human peripheral blood lymphocytes, stimulated in vitro with phytohemagglutinin (PHA),' release a portion of their newly synthesized DNA into the culture medium (1) (2) (3) . Our previous studies demonstrated that a large part of this DNA is composed of single-copy sequence elements that reassociate in a major component representing a complexity of about 10% of the genome, and that lymphocytes derived from different donors released largely the same sequences (2) . We reasoned that these DNA sequences might result from selective replication of a limited portion of the lymphocyte genome. Alternatively, the limited complexity seen in DNA released into the culture medium theoretically could represent restricted degradation of cellular DNA by nucleases so that only the same limited number of sequences would remain as the end product of cell death. the number of copies of sequences comprising the major reassociation component in culture medium DNA per haploid genome at various times during the culture period, because selective replication would require that extra copies be present (3) . After 3 and 4 days of culture, the high molecular weight fraction of cell DNA apparently contained three-to fourfold more copies of these sequenices when compared with resting lymphocyte and to placenta DNA. By day 6 of culture, this number declined to a one-to twofold difference (3) . As the number of copies present in high molecular weight form declined, the same sequences appeared first in the Hirt supernatant (low molecular weight) fraction of cell DNA and then in the culture medium (3) . These data suggest that PHA-stimulated lymphocytes selectively replicate extra copies of a limited portion of their genome; initially, the extra copies are associated with high molecular weight DNA but later move into the Hirt supernatant fraction. Presumably, at that stage thev are ready for release into the culture mIediuiml. WN7e designated these sequences as "excreted" DNA to distinguish them from DNA that might be nonspecifically released by cell lysis.
The work presenited here was designed to test our hypothesis that low molecular weight se(luences present in the Hirt supernate (3) were precursors to those later appearing in the culture medium. The present experiments are organized as follows: first, conditions are defined under which cell growth and viability are optimal, so that DNA potentially released by dead cells could be minimized. Next, manipulations that cause Hirt supernatant DNA to be released into the incubation medium are described, namely, protease treatment and exposure to divalent cation-free buffers. Subsequent experiments assess the specificity of DNA release by comparing this event to release of other cell components from PHA-stimulated lymphoecvtes, and by measuring release of DNA acid-precipitable radioactivity in culture media and cells as described previously (1) except that NCS reagent (Amersham/ Searle Corp., Arlington Heights, Ill.) digests of precipitable material were counted in a 2,5-diphenyloxazole-1,4-bis[2-(5-phenyloxazolyl)]benzene (PPO-POPOP)-toluene scintillation mixture. In later experiments, 500-1LI medium samples were precipitated with 5 ml 5% trichloroacetic acid in the presence of 50 ,ug salmon sperm DNA carrier and collected on polycarbonate membrane filters having a pore size of 0.2 ,Am (Uni-Pore, BioRad Laboratories, Richmond, Calif.) which were dissolved and counted in a PPO-POPOP-toluene scintillation mixture containing NCS. Both methods gave equal counting efficiency.
Hirt supernate. Cellular DNA was fractionated by the method of Hirt (10) . This procedure separates cellular DNA into a pellet containing high molecular weight chromosomal DNA and a supernate containing low molecular weight DNA. Cells in individual culture tubes at 4°C were washed once with ice-cold 0.9% NaCl and transferred to 1.5-ml polypropylene centrifuge tubes (Brinkmann Instruments, Inc., Westbury, N. Y.) where they were resuspended in 0.1 ml of 0.9% sodium chloride; to this suspension was added 1 ml 0.01 M Tris-HCl pH 7.5-0.01 M EDTA-0.6% sodium dodecyl sulfate. The suspension was mixed gently by inverting the tube, allowed to sit at room temperature for 15 min, then mixed with 0.3 ml 5 M sodium chloride. The suspension was stored at 4°C for 16 h, and then centrifuged 12,000 g at 4°C for 20 min. The supernate was removed and precipitated with 50 ,ug salmon sperm DNA in 10 ml 5% trichloroacetic acid. The acid precipitates were handled as described above.
Nuclear and cytoplasmicfractionation. Nuclear and cytoplasmic fractions were separated by a modification of the method of Berger and Cooper (11) . Cells were washed with HBSS and resuspended in reticulocyte standard buffer (0.01 M Tris HCl pH 7.4-0.01 M sodium chloride-0.0015 M magnesium acetate). The cell suspension was underlayered with an equal volume of this buffer containing 9% sucrose and 1% NP40 (Shell Oil Co., Houston, Tex.) and centrifuged at 1,000 g for 20 min. Cells were rapidly lysed as they moved into the detergent-containing layer, and the nuclei formed a tight pellet. Both the nuclear and cytoplasmic fractions were acid precipitated, and radioactivity was determined as described above.
Preparation of proteases
Pronase was dissolved in 0.9% NaCl at a concentration of 5 mg/ml, and trypsin was dissolved in 0.01 M CaCl2-0.04 M Tris-HCl pH 7.5 at a concentration of 1 mg/ml. Trypsin activity was assayed by measuring the rate of hydrolysis of p-toluenesulfonyl L-arginine methyl ester at 30°C by following the increase in absorbance at 247 nM.
Cell harvesting and incubations
Unless otherwise stated, 2-ml cell suspensions on day 5 of culture, containing 0.5-0.6 x 106 cells/ml, were used in the experiments. Cells were gently pelleted by centrifugation at 300 g for 10 min, washed with HBSS, resuspended in 1 ml HBSS, and then incubated at 37°C as described for each experiment. Various proteases were added to the incubation mixtures to elicit DNA release. When pronase was used, the incubation mixtures were harvested by placing them in ice, then centrifuging at 500 g for 10 min at 4°C to separate cells from medium. When trypsin was used, the incubation mixtures were harvested by one of two methods. In the first method, the tubes were placed in ice, fivefold excess (by weight) soybean trypsin inhibitor was added, and the cells were centrifuged at 500 g for 10 min at 4°C. In the second method, 1-ml cell suspensions were layered over 0. 
Lactic dehydrogenase measurement
Lactic dehydrogenase was assayed on samples of incubation medium and cells before and after trypsin treatment using the method of Reeves and Fimognari (12) . Trypsin was inactivated by the addition ofa fivefold excess of soybean trypsin inhibitor to the medium before the assay. Cells were resuspended in 1 ml 1% bovine serum albumin-0.15 M potassium chloride-0.05 M potassium phosphate, pH 7.4, and homogenized in a Plexiglas micro-tissue grinder (Belco, Vineland, N. J.). Lactic dehydrogenase activity was then assayed by measuring the rate of decrease in absorbance of NADH at 340 nM in 0.1 M potassium phosphate buffer containing 0.011 M sodium pyruvate.
5'Cr labeling
PHA-stimulated lymphocytes on day 5 of culture were labeled with 5'Cr (13) by adding 60 ,uCi of isotope in 60 gl 0.9% NaCl to each 2-ml culture tube. The tubes were mixed gently, then incubated 4 h at 37°C.
Purification and analysis of DNA
To purify trypsin-released DNA from the incubation medium, the medium was made 0.2% with respect to sodium lauroyl sacrosine, and 0.01 M with respect to both Tris HCI, pH 7.4, and EDTA, and concentrated at 40C by dialysis against powdered polyethylene glycol. 8-ml aliquots of the concentrated solution were mixed with 8 g cesium chloride and 1.5 mg ethidium bromide and centrifuged at 32,000 rpm in the Beckman 50 Ti rotor (Beckman Instruments, Inc., Spinco Div., Palo Alto, Calif:) at 4°C for 40 h. The resulting gradients were handled in dim light; the visible red DNA bands were removed with a pipette. The DNA-containing solution was extracted twice with n-butanol to remove ethidium bromide, dialyzed against 0.01 M Tris-HCl pH 7.4 0.01 M EDTA, and then treated first with 50 ,g/ml RNase A (previously heated 10 min at 100°C) for 2 h, 37°C, and then with pronase, 0.5 mglml for 2 h. The solution was made 0.25% with respect to sodium lauryl sulfate and 0.2 M with respect to sodium chloride and extracted twice with a mixture of phenol-chloroform-isoamyl alcohol (50:50:1). The aqueous phase was dialyzed against 0.02 M sodium acetate, pH 7.0, then made 0.2 M with respect to sodium acetate, pH 7.0, and DNA was precipitated at -200C after the addition of 2 vol of absolute ethanol. Cell and Hirt supernatant DNAs were purified, and DNA purity was monitored as previously described (2, 3) . All DNAs were sheared by sonication and analyzed by reassociation kinetics as described (2, 3) .
RESULTS
Lymphocyte culture methods. We used the culture system of Stewart et al., (8, 9) to insure optimal cell growth. In agreement with their findings, after a fall in cell number to a nadir on day 2 or 3 of culture, PHA-stimulated human peripheral blood lymphocytes grew in log to a peak in days 5 to 6 of culture (Fig. 1) . Because PHA agglutinates lymphocytes, the pronasecetrimide method (8, 9) was used to disperse the cells for counting and for assessment of viability. Pronase treatment completely disaggregated the lymphocytes; after this treatment 97% excluded trypan blue. Cetrimide lysed the cells to permit counting of their nuclei. When cells were lysed with cetrimide without prior pronase treatment, the counts presumably represented both viable and dead cells. During the period of rapid growth and, in particular, on day 5 of culture when most of our experiments were performed, there was no difference in cell numbers obtained by counting without pronase treatment compared to counts with pronase treatment before the addition of cetrimide ( Fig. 1) .
We found that the serum plus 1% dextran remaining above the lymphocyte layer during Ficoll-Hypaque (Ficoll, Pharmacia Fine Chemicals, Piscataway, N. J.; Hypaque, Winthrop Laboratories, New York) purification could substitute equally well for donor serum in preparing culture medium. Lymphocyte growth was similar in standard 2-ml aliquots contained in 15-ml plastic screw cap tubes and in 50-mnl ali(qtuots contained in 250-ml plastic tissue culture flasks.
Continuous exposure during growth to 0.25 gCi/ml,
mCi/mmol, [3H]thymidine ([3H]dT) did not significantly alter cell growth (data not presented).
Protease-induced release of Hirt supernatant DNA. We found that the pronase treatment used to prepare PHA-stimulated lymphocytes for cell counting resulted in loss of DNA from the Hirt supernatant fraction. As detailed in Table I , cells suspended in their original culture medium and treated with increasing quantities of pronase lost about 3,000 cprn of acid-precipitable [3H]dT; this loss was measured both as a decrease in total cellular acid-precipitable [3H]dT and as a quantitatively similar decrease in that contained in the Hirt supernatant fraction. A commensurate increase was measured in the culture medium; the culture medium contained a high background, presumably representing DNA specifically excreted as well as that possibly lost by dead cells. Acid-precipitable radioactivity was not lost from the Hirt Supernatant fraction when cells from the same culture were incubated with 50 ,ug/ml DNase I, a quantity that solubilized 98% of purified lymphocyte DNA under the same conditions. On this basis we reasoned that Hirt supernatant DNA was intracellular.
To examine the specificity of this process other proteases were tested for their capacity to induce DNA release from cells washed and resuspended in date to inactivate its proteolytic activity (14) caused no DNA release, even when a concentration of 50 ,ug/ml was used. Similarly, trypsin inactivated with soybean trypsin inhibitor was completely ineffective. Plasmin at a concentration of 10 ,ug/ml, freshly activated from purified human plasminogen with streptokinase, also caused DNA release but required 20 min of incubation to reach the maximum amount (data not presented). Bovine and human thrombin (50 ug/ml), human Factor Xa (10 ,ug/ml), and neuraminidase were ineffective in causing DNA release. Different compounds that potentially could influence DNA release were screened. No DNA release was observed when lymphocytes were exposed to 25 ,ug/ml leukoagglutinating phytohemagglutinin, 25 ,ug/ ml erythroagglutinating phytohemagglutinin, 12.5 ug/ml concanavalin A, 12.5 ,g/ml A. bisporus agglutinin, 0.5 ,ug/ml A23187 calcium ionophore, 10-5 M valinomycin, 100 mM vincristine, 100 mM colchicine, or 4 mM cytocholasin B; similarly, these agents did not inhibit trypsin-induced DNA release.
When lymphocytes were incubated in the presence of 5 mM DB-cAMP for 16 h before exposure to trypsin, DNA release was inhibited. This inhibitory effect was reproducible but the absolute amount of inhibition varied with each experiment. Two representative experiments are shown in Fig. 3 , which presents the quantity of DNA (expressed as acid-precipitable [3H]dT in counts per minute) released from lymphocytes under various conditions. The groups within each experiment represent: (a) cells not exposed to DBcAMP but treated otherwise in an identical fashion; (b) cells exposed for 16 h, then washed and preincubated 30 min in HBSS with the same concentration of DB-cAMP; (c) cells exposed 16 h, then washed and preincubated 30 min without DB-cAMP. In each experiment, exposure to DB-cAMP for 16 h resulted in significant inhibition of DNA release. In contrast, resuspending DB-cAMP-treated cells and preincubating 30 min in the absence of DB-cAMP resulted in a significant increase in the amount of DNA subsequently released by trypsin treatment, demonstrating that the effect of DB-cAMP was, in part, reversible. In general, DNA release induced by lower doses of trypsin was more sensitive to the inhibitory effects of DB-cAMP, but this varied in different experiments and was not always observed. Cell numbers were unaffected by 16 On culture day 4, one-half of a series of 2-ml lymphocyte culture suspensions was adjusted to contain 5 mM DBcAMP. Approximately 16 h later, the DB-cAMP and control groups were each divided. One set from each group was washed and resuspended in 1 ml HBSS containing 5 mM DB-cAMP. The other set from each group was washed and resuspended in 1 ml HBSS containing no DB-cAMP. Each of the 1-ml suspensions was then layered over 0.4 ml oil and incubated for 30 min at 37°C. At the end of this preincubation time, duplicate cell suspensions from all four sets were incubated at 37°C with trypsin: 1 ,tg/ml for 5 (Table II) . Ultimately, the same amount of DNA was released under these conditions as could be released by treating the cells with trypsin, and addition of trypsin to the cells after maximal spontaneous release had been achieved did not result in further release (data not presented). Suspending cells in calcium-and magnesium-free HBSS did not affect cell viability (see below). Manganese or zinc (2 mM) could substitute for magnesium or calcium in preventing spontaneous DNA release. Similar results were obtained from Trisbuffered isotonic sodium chloride was used instead of HBSS and when Tris-buffered isotonic sodium chloride was mixed with 0.27 M glucose to give a final sodium chloride concentration of 41 mrM. The relative concentrations of sodium and potassium did not influence DNA release; similar results were obtained in Trisbuffered salt solutions containing 136 mM NaCl but no KCI, and in solutions containing 86 mM NaCI w.ith 50 mM KCI.
HBSS deficient in magnesium but conitaining 5 mM calcium supported trypsin-induced DNA release as well as standard HBSS, but trypsin-induced DNA release was completely inhibited when lymphocytes were suspended in magnesium-free HBSS containing 10 mM calcium. This concentration of calcium did not alter the ability of trypsin to hydrolyze p-toluenesul-fonyl L-arginine methyl ester. DNA release was similarly inhibited when lymphocytes were suspended in calcium-free HBSS containing 10 mM magnesium.
The mechanism by which 10 mM calcium might inhibit DNA release was investigated as shown in Fig.  4 . Lymphocytes were incubated in magnesium-free HBSS containing 10 mM calcium for 5 min at 37°C in the presence or absence of 1 ug/ml trypsin. The action of trypsin was inhibited by the addition of soybean trypsin inhibitor, the cells were washed twice in magnesium-free HBSS containing 10 mM calcium, then were suspended in standard HBSS and incubated at 370C. Cells not previously exposed to trypsin were treated with 1 ug/ml for 5 min and released the expected amount of DNA. Cells treated with trypsin for 5 min before washing released about 20% of the maximal amount of DNA upon resuspension in standard HBSS, but this amount did not increase significantly during the subsequent 20-min incubation. However, when trypsin was again added to these cells, the expected amount of DNA was released in 5 min, suggesting that 10 mM calcium may prevent trypsin from acting upon some structure necessary for DNA release.
Effect of buffers on lymphocyte viability. To investigate the possibility that the buffered salt solutions, particularly calcium-and magnesium-free HBSS, might damage PHA-stimulated lymphocytes, cells were washed and exposed on day 5 of culture to serumfree MEM-a, to HBSS, or to calcium-and magnesiumfree HBSS for 5 min, pelleted gently, resuspended in complete culture medium, and cultured for 2 days more. As shown in Fig. 5 , cell counts after this manipu- (Table III) . Similarly, a long-term near-diploid human T-lymphoblast cell line, H-SB2 (15), was grown in suspension culture in the continuous presence of [3H]dT. When incubated with trypsin, only 1.5% of the total 24,200 cpm incorporated into cell DNA was released into the incubation medium (Table III) , compared with 13.3±6.9% released by cultured human lymphocytes under the same conditions.
Release of other cell comnponents. Trypsin-induced DNA release was compared to release of lactic dehydrogenase, 5 'Cr, and RNA under the same conditions. Chromium labeling and release is a standard immunologic technique used to assess cytotoxicity under a number of different conditions (16) . As described in the legend to Table IV, cell samples to be used for lactic dehydrogenase and 51Cr measurements were first washed, preincubated 5 min in HBSS, then resuspended in fresh HBSS; samples for DNA release in those experiments were handled in an identical fashion. The preincubation step was found to be necessary to lower the background of enzyme activity or radioactivity in the incubation medium because up to 20% of each, but no DNA, was released into the preincubation medium.
The results in Table IV demonstrate that in experiments where 7.5-12% of acid-precipitable [3H]dT was released, only 1.0-4.4% of 5tCr and 0-1.3% of lactic dehydrogenase were released by treatment with 1 ug/ml trypsin for 5 min. In other experiments, this amount of trypsin did not alter the activity of commercial lactic dehydrogenase under similar conditions; similarly, no inhibitor of lactic dehydrogenase activity could be demonstrated in incubation medium from cells treated with trypsin. Acid-precipitable [3H]-uridine was released by trypsin treatment in amounts representing half of the amount of DNA released under Fig. 6 , a significant amount of labeled DNA was released by trypsin treatment beginning on day 5, regardless of whether the isotope was added on day 2, 3, or 4 . Maximum release of DNA was obtained on days 6 and 7. During this time period, the cells reached a stationary phase. In contrast, although cells in the set labeled beginning day 5 incorporated similar amounts of isotope, they released only one-third to one-half the amount of DNA compared to those cells labeled earlier, demonstrating the isotope had to be present on day 4, during active cell growth, if maximal DNA release were to be observed on subsequent culture days. This finding is more striking when the growth curve is considered (Fig. 6) . Cell numbers progressively declined on days 7 (Table V) . Only a small amount of [3H]dT was precipitable from the cytoplasmic fraction, and the amount was not altered by trypsin treatment. When exogenous 14C-labeled DNA was added to the cell suspension before the separation procedure, 87% was recovered in the cytoplasmic fraction, excluding the possibility that DNA was selectively lost from this fraction. Nuclear pellets prepared by this method, when examined by electron microscopy, contained 96% nuclei that lacked the outer layer of the nuclear membrane and were free of associated identifiable cytoplasmic structures such as mitochondria. Thus, the Hirt Kinetic complexity of trypsin-released and Hirt supernatant DNA. To confirm that trypsin-released DNA represents the same sequences identified in excreted DNA, DNA released by trypsin treatment on day 5 of culture was purified, sheared by sonication, and analyzed by reassociation kinetics (2, 3) in two different sets of experiments. Trypsin-released DNA purified from a single culture reassociated in a major component representing 54% of the DNA, with a COtY2 of 68±4 mol s/liter (value at which DNA reassociation is 50% complete) (Fig. 7A) . Trypsin-released DNA was subsequently purified from four consecutive cultures, pooled, and analyzed. The pooled DNA reassociated in a major component representing 54% of the DNA, with a C0tY2 value of 78+2.3 mols/liter (Fig. 9) . These values are similar to the average COtY2 value of 86 mol s/liter previously identified for excreted DNA. Excreted DNA isolated in previous experiments (2, 3) , which gradually accumulated in the culture medium over the period of days 3-6 in culture, was contaminated with a variable portion of cellular DNA arising from dead cells (2) . These circumstances (Fig. 7B) . The basis for these calculations is detailed by Rogers (3) . In the presence of sheared Hirt pellet DNA isolated from cells on day 3 of culture, the reassociation of this major component was accelerated by a factor 2.3 times that expected for sequences present once per haploid genome (Fig. 7B) . Thus, on day 3, high molecular weight cell DNA contained about threefold more sequences similar to trypsin-released DNA than did resting lymphocyte DNA. As discussed in detail previously (3), reassociation analysis of these complex DNA populations provides only reasonable approximations of sequence numbers. However, these results are consistent with previous estimates of numbers of copies of excreted DNA sequences under similar circumstances (3).
Hirt supernatant DNA isolated from day-5 cells from different cultures reproducibly contained a component representing 34% of the DNA that reassociated with a Cot1/2 of 26+0.9 mol-s/liter (Fig. 8A) . Presumably, the 37% remaining unreassociated in these experiments represented cellular DNA of high complexity. As illustrated in Fig. 8B , after trypsin treatment, DNA remaining in the Hirt supernate had lost this lower complexity component and reassociated in a major component representing 65% of the DNA with a C0tY2 of 448+30 mol s/liter. It is unlikely that data scatter accounts for the difference between the two Hirt supernatant DNA preparations because the curves are derived from three ( Fig. 8A ) and two ( Fig. 8B ) separate reassociation experiments, respectively. However, this possibility was further assessed by providing the computer with the data points in Fig. 8A (for Hirt supernatant DNA before trypsin release) and the best solution giving the curve in Fig. 8B (for Hirt supernatant DNA after trypsin release); the root mean square (RMS) for this solution was 6.2%, a value much higher than that obtained for the best fit drawn in Fig. 8A,  3 .2%. Similarly, the data points from Fig. 8B , when fit with the solution for the curve in Fig. 8A , give an RMS = 6.1%, a value again higher than that obtained for the best fit drawn in Fig. 8B (4.8%) . It is difficult to base a statistical probability on these comparisons.
For that reason we further tested our hypothesis that trypsin treatment depletes Hirt supernatant DNA of sequences identified as the major component in released DNA. On day 5 of culture, half of the cells were treated with 1 gg/ml trypsin in the standard manner; Hirt supernatant DNA was then purified separately from untreated and from trypsin-treated cells and used to drive the reassociation of pooled trypsin-released DNA to determine the relative proportions of similar sequences in the two preparations. As shown in Fig. 9 Fig. 8C , DNA from the two fractions reassociated in a similar manner; we could not identify a difference between resting lymphocyte Hirt supernatant and Hirt pellet DNA within the limits of sensitivity of this method.
DISCUSSION
In previous studies (2, 3), our culture system utilized higher cell denrsities and provided less than optimal cell growth. Excreted DNA was isolated from these cultures after it gradually accumulated in the medium over a period of 3 days. Under these circumstances both the effect of DNA that might be released by dying cells and the effect of nucleases in the culture medium would make quantitation of excreted DNA relative to total cell DNA difficult. It was possible to measure synthesis of extra copies of excreted DNA sequences by reassociation analysis (3). These results suggested that on day 3 or 4 of culture as much as 30% of cellular DNA might represent amplified excreted DNA sequences. The work presented here provides another means of estimating the quantity of extra DNA involved. This information is pertinent to the general field of lymphocyte physiology because most assays of lymphocyte "proliferation" utilize cultures with high cell densities and only measure incorporation of [3H]dT into acid-precipitable form. Thus, it is possible that a significant amount of label is incorporated into excreted DNA. The culture and cell counting techniques developed by Stewart and coworkers (8, 9) assess true proliferation; we chose to use their system in order to better estimate the amount of excreted DNA synthesized in rapidly proliferating cells.
The results presented here establish that synthesis of excreted sequences occurs during logarithmic growth, that the immediate precursor to excreted DNA released from lymphocytes can be identified in the Hirt supernatant fraction of cell DNA, and that excreted DNA sequences are selectively released from this fraction when lymphocytes are exposed for brief periods of time to small quantities of different proteases, 1 ,g/ml trypsin for 5 min being optimal.
The maximum amount of DNA released by trypsin treatment varied little from culture to culture and constituted about 13% of the newly synthesized DNA. Excreted DNA is released spontaneously with time in culture (1-3); because our selection of day 5 for trypsin treatment ignores any DNA released earlier, 13% probably represents a low estimate of the actual amount of excreted DNA synthesized.
The release was specific as shown by a failure ofother components such as lactic dehydrogenase, 5tCr, or RNA to be released to a comparable degree, and by the fact that little or no DNA was released from human diploid fibroblasts or H-SB2 lymphoblasts treated in an identical manner. Trypsin-induced DNA release appeared to be an active process as judged by the reversible inhibition of release occurring after prolonged exposure to DB-cAMP. Under our incubation conditions, divalent cations were found to be important in influencing release; in the absence of divalent cations DNA was released spontaneously, whereas increased concentrations (10 mM calcium or magnesium) completely inhibited trypsin-induced release.
Our experiments utilizing NP-40 lysis to fractionate cells into nuclear and cytoplasmic fractions indicated that trypsin-releasable Hirt supernatant DNA was associated with the nuclear fraction. This result was unexpected because it differed from that obtained in a somewhat similar system. Lerner et al. (19) used a similar procedure to obtain cytoplasmic membraneassociated DNA from a long-term lymphoblast cell line; the unique sequence components of cytoplasmic membrane-associated DNA and of excreted DNA are of the same order of complexity (2, 20) but have not been compared directly. The nuclear association of excreted DNA before release requires a mechanism capable of transporting it through a substantial intracellular distance in a brief period of time. There is presently no information about the nature of this mechanism, and we are not aware of other reports regarding similar movement of nucleic acids. However, there are wellstudied secretory systems in which large numbers of cellular organelles are rapidly transported to the cell periphery after an external stimulus. For example, blood platelets release the contents oftheir cytoplasmic granules within seconds after treatment with the serine protease thrombin (21) , whereas anti-IgE antibody or concanavalin A can induce degranulation of tissue mast cells within a period of several minutes (22) .
The mechanism by which trypsin induces DNA release is unexplained but requires that the enzyme be active. The fact that cells exposed to trypsin in the presence of 10 mM calcium released little DNA when washed free of enzyme and resuspended in standard incubation buffer, but then were able to release the maximal amount of DNA when again exposed to the enzyme, suggests that there may be a membrane struc-ture responsible for triggering DNA release that is accessible to trypsin under standard conditions but protected at increased calcium concentrations. Serine proteases are widely distributed among pathways for blood coagulation, complement activation, and kinin generation; it is possible that one of these many proteases could act during the immune response to trigger DNA release in a similar manner in vivo, although at present the synthesis of excreted DNA sequences has been demonstrated only in vitro.
Other authors have reported DNA release by lymphocytes (17, 23, 24) 
